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GREENHOUSE FACT SHEET

GREENHOUSE, the fourth postwar atmospheric nuclear weapon test series, was
conducted by the United states during April and May 1951. CROSSROADS took place
at Bikini In 1946; SAt0i•3STONE was held at Enewetak in 1948: and RANGER was con-
ducted at the Nevada Test Site in early 1951. In GREENHOUSE, four nuclear de-
vices were detonated on the islands of Enjebi, Eleleron. and Runit on Enewetak
Atoll. All four were detonated on towers. These detonations resulted In slg-
nificant downwind fallout.

GREENHOUSE detonations, Enewetak, 1951

Detonation Date Time Location Type Burst

DOG 8 April 0634 Runit 300-foot (91.4-meter) tower shot

EASY 21 April 0627 Enjebi 300-foot (91.4-meter) tower shot

GEORGE 9 May 0930 Eleleron 200-foot (61.5-meter) tower shot

ITEM 25 May 0617 Enjebi 200-foot (61.5-meter) tower shot

Remarks: Dates and times are local dates and times at Enewetak. Only the
"yield of shot EASY, 47 kilotons (KT), has been announced. One kilo-
ton equals the approximate energy release of the explosion of one
thousand tons of TNT.

Tests were conducted by a joint military-civilian organization designated

Joint Task Force Three (JTF 3). JTF 3 was patterned generally after military
organizations but was made up of military personnel from the Army, Navy, Air
"Force and Marine Corps, as well as civilians from the Department of Defense
(DOD), Atomic Energy Commission (ARC), and contractors. The commander, an Air
Force general, was an appointed representative of the AEC but reported to the
Joint Chiefs of Staff as well as to the ARC. This appointment was important
because, by law, development of atomic weapons was vested in the AEC.

Army, Navy, and Air Force were about equally represented In numbers of
personnel during GREENHOUSE. The Navy had provided the bulk of personnel for
the earlier Pacific nuclear test series. During GREENHOUSS, the Army provided
an estimated 1,615 men, the Navy 2,952. the Air Force 2,621, and the Marine
Corps 134. Civilians numbered 2,049. Most of the civilians were affiliated
with the AEC.

The purpose of the four tests in the GREENHOUSE series was to continue
development of nuclear weapons for defense. Work was proceeding at this time
on development of thermonuclear weapons, and the GREENHOUSE tests were part of
this process. DOD was Interested in the physical and biological effects of
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nuclear weapons. so Its various branches participated In several experimental
programs to measure them. One of the important programs used unmanned, radio-
controlled drone aircraFt to measure blast and thermal effects and to collect
radioactive cloud samples.

A separate otganization within JTF 3 provided radiological safety (radsafe)
expertise and services to the task force. This organization was responsible
for defining radioactive areas after each shot, accompanying reentry parties
to radioactive areas to retrieve experimental data, monitoring removal, pack-
aging, and shipment of radioactive cloud samples, and other radiation monitor-
ing duties. rt also procured all radiation detection film badges., developed
"and Interpreted exposed film badges, and kept cumulative radiation exposure
records on each person who was badged.

Film badges were issued to Individuals who possibly could have been evposed
to radiation while performing their duties; such as those visiting any of the
Islands made radioactive by the shots, boat pool crews, radiation monitors,
aircrews, aircraft decontamination personnel, and runway crash crews. in addi-
tion, over 75 f1lm badges for each test were distributed among the six partici-
pating ships, to be worn froi the day of the test and 7 days thereafter. Of
the approximately 9,350 men In the test area during all or part of the testing

. operations, 2.416 were badged one or more times. Film badges for personnel
entering radioactive areas normally were issued and turned in daily. Boat

* pool, air crew, and ship badges generally were issued for a week.

"The overall average exposure recorded by these badges was less than 0.5
roentgen (R). A number of individuals, however, had recorded exposures between
5 and 8 R. Some, with these higher exposures were affiliated with the AEC and
some were Involved with the Air Force long-range radioactive cloud-tracking
and -sampling program. Most of these Air Force personnel were In the Experi-
mental Aircraft Unit. This unit flew the B-17s used as drones and drone con-

_* trollecs and operated the personnel and aircraft decontamination stations on
Enewetak island. The following table summarizes the recorded film badge
exposures.

"GREENHOUSE Badge Exposures (R)

Number
Badged 0 0-1 1-3 Over 3 High (R)

U.S. Army 195 6 143 35 1i 5.430

U.S. Navy 813 134 458 187 34 8.060

U.S. Air Force 849 86 516 146 101 8.475

U.S. Marine Corps 8 3 3 0 2 3.805

Other PartLicipants 551 110 125 82 34 8.575

2



Fallout occurred on the Islands of Japtan. Parry, and Enewetak and the six
task force ships after three of the four shots In this series. The fallout

- . from the first two shots was heaviest on Japtan and lightest on Enewetak.
Enewetak was a base Island where personnel from JTF 3 lived throughout the
series. Japtan was an Island used for recreation, but It also had an Army com-
munication station arid a Navy medical research unit. The fallout from shot
ITEl, the last shot in this series, was much heavier than the. first two.
Enewetak Island received heavier fallout from ITEM than Japtan and Parry. Per-
sonnel who remained on Enewetak Island 'or 4 days after ITET' received over
2.45 R. Those who remained for 14 days received over 2.8 R. Most people. how-
ever. departed the test area within a week. after the shot.

The amount of fallout received by the six ships varied with their locations
and decontamination procedures. Nearly all crewmembers on five of these ships
were assigned a fallout exposure Immediately after GREENHOUSE, and these expo-
sures were recorded In k;avy medical records. The assigned exposures ranged
from 0.334 R on USS LST-859 to 1.1 R on USS Cabildo (LSD-16) and USS Sproston
"(DDE-577). Boat pool exposures ranged from 0.700 to 2.1 R. The fallout exposure

"was lower aboard ship than on the Islands due to water washdown and decontami-
nation of external surfaces.

The fallout exposure Is In addition to those film badge exposure readings
accrued by individuals during daily missions. Fallout exposure can be calcu-
lated for all Individuals based upon their location and length of stay at
Enewetak Atoll.

By
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PREFACE

Between 1945 and 1962. the U.S. Atomic Energy Commission (AEC) conducted
235 atmospheric nuclear weapon tests at sites in the United States and In the
Pacific and Atlantic oceans. In all, about 220,000 Department of Defense (DOD)
participants, both military and civilian, were present at the tests. Of these,
approximately 142,000 participated in the Pacific test series and approximately __

another 4.000 In the single Atlantic test series.

In 1977. 15 years after the last aboveground nuclear weapon test, the Cen-
ter for Disease Control (CDC) of the U.S. Department of Health and Human Ser-
vices noted more leukemia cases than would normally be expected among about
3.200 scldlers who had been present at shot SMOKY. a test of the 1957 PL.UKH)OB
series. Since that initial report by the CDC. the Veterans Administration (VA)
has received a number of claims for medical benefits from former military per-
sonnel who believe their health may have been affected by their participation
In the weapon testing program.

In late 1977, the DOG begani a study that provided data to both the CDC and
the VA on potential exposures to Ionizing radiation among the military and 0:
civilian personnel who participated in the atmospheric testing 15 to 32 years
earlier. in early 1978. the DOD also organized a Nuclear Test Personnel Review
(NTPR) to:

"* Identify DOD personnel who had taken part In the atmo-
spheric nuclear weapon tests

"* Determine the extent of the participants' exposure to Ion-
Izing radiation

"* Provide public disclosure of information concerning par-
ticipation by DOD personnel in the atmospheric nuclear
weapon tests.

This report on Operation GREENHOUSE is one of many volumes that are -he
product of the NTPR. The Defense Nuclear Agency (DNA). whose Director is the
executive agent of the NTPR program. prepared the reports. which are based on
military and technical documents reporting various aspects of each of the
tests. Reports of the NTPR provide a public record of the activities and asso-
ciated radiation exposure risks of DOD personnel for interested former partic-
Ipants and for use in public health research and Federal policy studies.

Information from which this report was compiled was primarily extracted
from planning and after-action reports of Joint Task I-orce Three (JTF 3) and
its subordinate organizatons. What was desired wiere docui.;ents that accurately
placed ppisor-.el at the test sites su tha&t their degree of exposure ro the
ionizing radiation resulting f-om the tests could be assessed. The search for
this information was undertaken in archives and libraries of the Federal Gov-

ernment, in special collections supported by the Federal Government and by
some discussion or review with participants.

5t..
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_t For GREENHOUSE, the most important archival source is the Modern Military
Branch of the National Archives in Washington, D.C. The Naval Archives at the

- Washington Naval Yard also were helpful. Other archives searched were those of
. the Departme!nt of Energy (DOE) at Germantown, Maryland, its Nevada Operations

Office 'DOE/NV) at Las Vegas, and the records center at the Los Alamos National
-" Laboratory (LANL).

JTF 3 exposure records were retrieved from LANL and from the Reynolds Elec-
-. trical and Engineering Company, Inc. (REECc.), Las Vegas, Nevada, support con-

tractor ror DGE/NV. Those available at REECo are microfilm records of source
documents in archives.

Documentation of individual fallout exposire during GREENHOUSE is incom-
plete. Each individual's arrival date, ship or island station, and departure
date must be obtained to determine fallout exposures because not all partici-

-- • pants exposed to fallout were weaL ing film badges.

The work was performed under RDT&E RMSS B3500079464 U99 QAXMK 506-09 H2590D
for the Defense Nuclear Agency by personnel from Kaman Tempo. Guidance was

-w provided by Mr. Kenneth W. Kaye of the Defense Nuclear Agency.

6
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CHAPTER 1

OVERVIEW

INTRODUCTION

Purpose

GREENHOUSE was the fourth series of nuclear tests conducted by the United
-' - States following World War I1. CROSSROADS, in 1946, was the first, consisting

of an air and an underwater detonation at Sikint using an array of target
-hips. SANDSTONE, in 1948. consisted of three tower detonations at Enewetak.*
"The third, designated RANGER. consisted of five airdrops in January and Febr'-
ary 1951 at the Nevada Proving Grounds north of Las Vegas. Nevada.

"GREENHOUSE consisted of four detonations In April and may 1951 on the
northeast islands of Enewetak Atoll. Task force personnel were stationed either
on the southern islands of Enewetak Atoll, on ships, or at Kwajalein Atoll
"about 350 ntn (650 kin) southeast, depending on their mission. Table 1 lists
the four shots, their dates, and locations. Figure 1 shows the locations of
"the GREENHOUSE shots at Enewetak Atoll and the three earlier SANDSTONE shots.

This report documents the participation of Departmezt of Defense (DOD) -er-
sonnel who were active in this test series. Its purpose is to bring Logether
the available Information about this atmospheric nuclear test series pertinent
to the radiation exposure of DOD personnel. both uniformed and civilian em-
ployees. The report lists the DOD organizations represented and describes their

Table 1. GREENHOUSE detonations, 1951.

Detonation Date Time Location Type Burst

"DOG 8 April 0634 Runit 300-foot (91.4-meter) tower shot

EASY 21 April 0627 Enjebi 300-foot (91.4-meter) tower shot

GEORGE 9 May 0930 Eleleron 200-foot (61-meter) tower shot

- ITEM 25 May 0617 Enjebi 200-foot (61-meter) tower shot

"Remarks:

Dates and times are local dates and times at Enewetak. Only the yield of shot
"EASY, 47 kilotons (KT), has been announced. One kiloton equals the approximate
energy release of the explosion of one thousand tons of INT.

• A better understanding of the Marshall Islands language has permitted a more

accurate transliteration ot Marshall Island names into English language

spelling. These newer transllteratIons are used In this report with few ex-
ceptions. Appendix C lists the names and their variant spelling.

19
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activities. It discusses the potential radiation exposure involved In these
activities and the measures taken for the protection of DOD personnel. It pre-
sents the exposures recorded by the participating DOD units.

Historical Background

in 1949. the Soviet Union detonated Its first atomic bomb (Reference 1.
p. 114). providing the impetus for the United States to proceed with develop-
ment of a bomb whose energy would come from the fusion. or joining, of light
elements. These are also called thermonuclear, or hydrogen, bombs. The Atomic
Energy Commission (AEC). the civ!lian executive agency empowered by the Atomic
Energy Act of 1946 to develop nuclear weapons, received the go-ahead from the
President In January 1950 after a long, hard debate in high defense circles
over the advisability of developing such weapons.

Although GREENHOUSE nuclear devices were not thermonuclear devices, two of
them involved thermonuclear experiments, and one test, GEORGE, was an important
way station on the path to development of thermonuclear devices.

According to the published account (Reference 2) of one of the leaders in
nuclear weapon development of the period, GEORGE demonstrated the initiation
of a sustained thermonuclear reaction by use of a fission reaction. This led
directi:° to the first successful thermonuclear test. MIKE (Operation IVY). some
16 months later. The same account notes that the fourth test of the series,
ITEM. involved boosting the efficiency of fission explosions. Development of
this experiment had been planned before the Soviet test In 1949.

GREENHOUSE was conceived even as the SANDSTONE tests were being completed.
Planning began In the summer of 1948 at the ARC's Los Alamos Scientific Labor-
atory (LASL). In July 1948, LAS1. created J-Division to assume responsibility
for planning and conducting nuclear tests. The civilian in charge of this
division would become GREENHOUSE director of scientific activities. An Air
Force officer was designated as GREENHOUSE Task Force Commander In May 1949,
and a Joint Proof Test Committee (JPTC) was set up in June 1949. JPTC was given
the missions of determining task force organization. outlining service partic-
"Ipation, and recommending necessary actions that affected the services. In
July 1949, the test organization was designated Joint Task iorce Three (JTF 3).
In August 1949, the name "Operation GREENHOUSE" was approved. JTF 3 was acti-
vated In November 1949 to coordinate the detailed planning between LASI. and
the armed services. Meetings were held with JPTC members. service representa-
tives, and JTF 3 staff members in late 1949. JPTC was dissolved 7 January 1950,
when the JTF 3 staff took complete control of all activities associated with
GREENHOUSE (Reference 3, pp. 3 through 16).

A major construction program began at Enewetak In 1949, and It became
necessary for an Army Englneer Construction Battalion to assist the civilian
contractor In preparing the test site. Therefore, Army Task Group (TG) 3.2.
was activated on 12 January 1950. Commander JTF 3 assumed overall military
"responsibility for the Enewetak area on I February 1951 (Reference 3, p. 39).
The Korean War started in June 1950, and the Army quickly became hard-pressed
to supply troops for action in Korea. The Army tentatively planned to move two
units - Hq 7th Engineer Bri 3ade and 79th Engineer Construction Battalion -
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from Enewetak to Korea, but this was contingent on the tests being moved to a
stateside location (Reference 3, pp. 34 through 31).

Report Organization

-S Subsequent sections of this chapter discuss the form of experimental nu-

clear weapon test programs with emphasis on the potential radiation exposure
of participating 100 personnel. Experimental activities are considered first
without particular reference to the geographic location of the testing, and
are then related to the geographic limitations at Enewetak Atoll. The portion
of the experimental program of heaviest DOD participation is emphasized. The
chapter concludes wlth a description of JTF 3. the organization that conducted
Operation GREENHOUSE, and indicates how DOD elements within JTF 3 functioned.

Chapter 2 Is concerned with radiological safety (radsafe) aspects of the
tests. This chapter documents procedures, training, and equipment used to pro-

- tect participants from the radiation exposure Inherent in the test operations.
* "It also addresses safety measures that were employed to minimize hazards asso-

clated with nuclear detonations. Discussions Include both predetonation and
*w postdetonation safety measures that were taken, primarily to avoid unnecessary
-•radiation exposure.

*"' Chapter 3 discusses GRREN-HOMU test operations. Chapter 4 expands on the
DOC role In the GREENHOUSE experimental program.

chapters 5 through 8 report on participation by the Army. Navy, Air Force,
"and Marine Corps, respectively. Chapter 9 summarizes participation of other
government agencies and contractors. Participating units are listed and per-

Z sonnel exposures are statistically characterized In these chapters. Personinel
S--exposures are discussed In Chapter 10.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing before 1961 consisted noostly of the unconfined detonation
_ of nuclear devices (usually not weapons) in the atmosphere. Devices might be

"placed on a piatform or a floating barge. placed atop a tower, supported by a
balloon, dropped from an airplane, or flown on a rocket. A few were detonated
underwater or buried In underground tunnels and shafts.

In theory, personnel could be exposed either by the radiation emitted at
the time of explosion and for about ) minute thereafter - usually referred to
as Initial radlation -- or the radiation emitted later (residual radiation).
"Initial radiation is part of the violent nuclear explosion process Itself, and

6 to be close enough for Initial radiation exposure could place an observer
within the area swept by lethal blast and thermal effects.

The neutrot. component of initial radiation did Indirectly contribute to
the possibility of personnel exposure. Neutrons are emitted In large numbers
by nuclear weapon detonations. Neutrons have the property of altering certain

•- nonradioactive materials to make them radioactive. This process. called acti-
vation. works on sodum, silicon, calclum. manganese. and iron, as well as
other common materials. The process affects the metal casing of the device, the

226



test tower, and earth materials. Activation products thus formed are added to
the Inventory of the radioactive products produced in the detonation process.
The radiation emitted by this inventory is referred to as residual radiation.

The potential for personnel exposure to residual radiation was much greater
than the potential for exposure to initial radiation. In the nuclear detonation
prncess, fissioning atoms of the heavy elements, uranium and plutonium, split
Into lighter elements, releasing energy. These lighter atoms are themselves
radioactive and decay, forming another generation of descendants from the orig-
Anal fission products. This process Is rapid Immediately after the explosion
but slows later and continues for years at very low levels of radioactivity.

The overall radioactivity of all the fission products formed decays at a
rate that Is closely approximated by a rule that states that for each sevenfold
Increase in time the Intensity of the radiation will decrease by a factor of
ten. Thus, a radiation rate of I roentgen per hour (R/hr) at 1 hour after the
burst would be expected to be 0.1 R/hr after 7 hours and 0.01 R/hr after 49
hours. This rule seems to be valid for about 6 months following an explosion.
after which the observed decay is somewhat faster than that predicted by this
relationship. Activation products, in general. decay at a faster rate than the
fission products.

"Fission products and activation products, along with unfissioned uranium
or plutonium from the device, constitute the radioactive material In the debris
cloud, and this cloud and Its fallout are the primary sources of the potential
exposure to residual radiation.

In a nuclear airburst In which the central core of intensely hot material.
or fire& ill, does not touch the surface, the device residues (including the
fission products, the activation products resulting from neutron Interaction
with device materials, and unfissloned uranium and/or plutonium) are vaporized.
These vapors condense as the fireball rises and cools, and the particles formed
by the condensation are small and smoke-like. They are carried up with the
cloud to the altitude at which its rise stops, usually called the cloud sta-
bilization altitude. The spread of this material then depends on the winds and
weather. If the burst size Is small, the cloud stabilization altitude will be
in the lower atmosphere and the material will act like dust and return to the
Earth's surface in a matter of weeks. Essentially all debris from bursts with
yields equivalent to kilotons of TNT will be down within 2 months. The areas
"in which this fallout material will be deposited will appear on maps as bands
"following the wind's direction. Larger bursts (yields equivalent to megatons
of TNT) will have cloud stabilization altitudes in the stratosphere (above
about 10 miles [16 km] In the tropics); the radioactive material from such
altitudes will not return to Earth for many months and its distribution will
be much wider. Thus, airbursts contribute little potential for radiation expo-
sure to personne] at the testing area, although there may be some residual and
short-lived radiation coming from activated surface materials under the burst
if the burst altitude is sufficiently low for neutrons to reach the surface.

_ Surface and near-surface bursts pose larger potential radiation exposure
problems. These bursts create more radioactive debris because more material is
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available for activation within range of the neutrons generated by the ex-
plosion. In such explosions the extreme heat vaporizes device materials and

* •activated earth materials as well. These materials cool In the presence of
-. additional material gouged out of the burst crater. This extra material causes

the particles formed as the fireball cools to be larger In size, with radio-
S.2 activity embedded In them or coating their surfaces. The rising cloud will lift
.* these particles to altitudes that will depend on the particle size and shape

and the power of the rising air currents in the cloud, which in turn depend on
the energy of the burst. The largest particles will fall back into the crater

.- or very near the burst area with the next largest falling nearby. It has been
estimated that as much as 80 percent of the radioactive debris from a land-

. surface burst falls out within the first day following the burst.

Bursts on the surface of seawater genetate particles consisting mainly of
salt and water droplets that are smaller and lighter than the fallout particles
from a land-surface burst. As a consequence, water-surface bursts produce less
early fallout than similar devices detonated on land. The large-yield surface

-. bursts In the Pacific Proving Ground (PPG) over relatively shallow lagoon wa-
*i ters or on the very little truly dry land probably formed a complex combination

of land-surface- and water-surface-burst particle-size characteristics.

Detonations on towers may be considered as low alrbursts or ground bursts,
,' depending upon the relative height of the detonation and Its yield. A larger

burst will create more fallout than a smaller burst on an equal height tower
not only because of the additional fission products and weapon debris, but also
because It will pull up more earth materials, or even form a crater. In addl-
tion. the materials of the tower itself are a source of easily activated inate-
rials. The particles of the tower material may also act as centers for the

- debris vapors to condense on to form the larger particles that lead to heavier
*" early fallout. Devices that fission uranium or plutonium Inefficiently will

cause more of these radioactive components of the device residue to be
dispersed.

EXPERIMENTAL PROGRAM

Central to the test series was the experimental program. This program and
its requirements dictated the form of the test organization and the detail of
personnel participation. GREENHOUSE's experimental program incorporated two
aspects. The more important aspect was diagnostic measurements of the detona-
tions; the secondary experiments involved the measurement of the explosive and
radiation effects.

These two aspects can serve as a rough measure of differentiation of In-
terest between the major participants: the AEC interest In weapon development,
and the DOD interest In the military application of the effects of the detona-
"tions. In GREENHOUSE, however, the AEC was interested in experiments In areas
that later became of DOD interest exclusively. These were measurements of air-
blast and thermal radiation, for example. that were termed "field variable"
measurements. These measurements were used to construct the hostile environment
for studies of the response of military systems and have been termed "environ-
mental measurements" in this report.
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The several parts of the weapon development and the effects studies each
had particular features that led to the possibility of radiation exposure.

Weapon Development Experiments

in developing and testing devices, weapon designers are interested In two
classes of measurements: total energy release of the device, and rate of re-
lease. Total energy release measurements are called yield measurements, and
rate of release measurements are called diagnostic measurements.

YIELD MEASUREMENTS. Device yield was usually determined by several methods,
two of which involved photo-optical techniques. Growth of the intensely hot
and radiating mass of device debris and air that constitute the nuclear fire-
ball usrles with Its yield. very-high-speed cameras were therefore used to
record this growth, and film rczords were subsequently analyzed to infer yield.
Duration and intensity of the energy pu~se in the optical-thermal spectral
region also vary with yield: thus, light detectors coupled to recorders were
also used to derive yield.

The best direct measurement of yield Is by collecting and analyzing repre-
sentative samples of device debris. Yield is then determined by measuring the
radioactivity of these samples.

"Construction, instrumentation placement, and data recovery for the photo-
optical yield determinations did not usually require personnel to be In areas
with a high potential for exposure to radiation. Cameras and light detectors
need only a clear field of view of the burst point and enough breadth of view
to encompass the fireball. Camera placement did not involve personnel activi-
ties at times and places of high radiation levels. Film recovery generally did
not involve high exposure potential, as the photo stations were usually at
ranges and In directions not heavily contaminated by fallout.

Sampling device debris, however, necessitated exposure to radioactivity.
" The technique used In most atmospheric tests was to fly aircraft with collec-

tors directly through portions of the radioactive (or "mushroom") cloud. About
90 percent of the device debris was usually considered to be In the upper, or
cap, portion of the mushroom cloud. several aircraft were used to obtain a
representative sample. For GRFENHOUSE, unmanned drone B-17 aircraft were used
to collect most of the cloud samples. Aircraft flying these sampling missions
picked up significant amounts of radioactive material on their surfaces, and
this was a potential source of radiation exposure to the ground crews who de-
contaminated and maintained the aircraft. Manned aircraft sampled the air under
"and very close to the cloud, which created some low-level exposure to aircraft
crews. Samples collected were radiologJcally "hot" and required special han-
"dling as they were taken from the aircraft and prepared for shipment to labor-
atories for analysis.

IDIAGNOSTfC MF;ASURkMENTS. The explosion of a nuclear device Is a progressive
release of increasing amounts of nuclear radiation, some of which directly es-
capes the device. The rest of the radiant energy interacts with the associated
"material of the device itself and is converted into differing forms of radia-
tion and into the kinetic energy of the remaining materials In a small fraction
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